Vascular endothelial growth factor (VEGF) is a potent and specific endothelial cell mitogen involved in normal and pathological angiogenesis. Our group recently reported that, among the several VEGF isoforms, VEGF189 (V189) is selectively induced in decidual endometrial cells during the mid-late phase of the menstrual cycle, together with polymorphonuclear neutrophil (PMN) influx. We thus compared the effects of various VEGF isoforms on PMN migration in vitro, and the mechanisms involved. In transmigration and under-agarose assays, V189 was both chemotactic and chemokinetic for PMN, while VEGF165 (V165) was only chemokinetic. The chemokinetic effect of V189 for PMN was blocked by neutralizing anti-VEGF antibodies, but not by neutralizing anti-KDR antibodies, suggesting that the Flt-1 VEGF receptor that is expressed in PMN mediates these effects. Flow cytometric analysis of several adhesion molecules at the PMN surface showed that all VEGF isoforms slightly upregulated b1-and b2-integrins and PECAM, and downregulated L-selectin; all these molecules are activation markers. The involvement of b1-integrins was further supported by the ability of blocking antibodies to reduce VEGF-induced PMN migration. As human PMN can secrete several cytokines and growth factors, the selective secretion of VEGF isoforms was also further examined. RT-PCR analysis showed that V165 mRNA was more strongly expressed than V189 mRNA. Conversely, the major protein isoform secreted after optimal PMN degranulation was V189, which was located in both azurophilic and specific granules. PMN-derived VEGF can thus modulate PMN migration. This autocrine amplification mechanism would allow sustained VEGF release to occur at inflammatory sites, and may contribute to both normal and pathological angiogenesis.
Vascular endothelial growth factor (VEGF) is a potent and specific endothelial cell mitogen that is active in vitro and in vivo. VEGF is a major regulator of developmental, physiological and pathological angiogenesis, in situations such as tumorigenesis, inflammation and wound healing. [1] [2] [3] VEGF is expressed by a wide range of cells, including epithelial and smooth muscle cells, fibroblasts, and leukocytes such as monocytes/macrophages, 4 T lymphocytes 5 and polymorphonuclear neutrophils (PMN). [6] [7] [8] VEGF regulation is complex, as alternative splicing of the human VEGF gene results in at least four isoforms. The two main human isoforms consist of 121 (V121) and 165 (V165) amino acids. VEGF189 (V189) is usually present in low amounts and VEGF206 expression is restricted to embryonic tissues. 2 The different isoforms appear to have similar structures, and act through two different receptors, namely Flt-1 (or VEGF-R1) and KDR (or Flk-1/KDR or VEGF-R2). 9 KDR mediates the VEGFdependent mitogenic effect. The VEGF isoforms differ in their heparin-binding properties, membrane association and secretion. 10, 11 V121 does not bind heparin-containing cell-surface proteoglycans, and is soluble. V165 is also soluble, but some V165 remains bound to the cell surface or extracellular matrix. The largest isoform, V189, has the highest affinity for heparin and therefore usually remains tightly cell-associated. V189 can function either in its native form (native V189) which binds to Flt-1, or in its cleaved form (clV189) which binds to both Flt-1 and KDR, depending on the presence of proteases such as plasmin 12 and urokinase plasminogen activator. 13 V165 is the VEGF isoform most extensively studied in in vitro proliferation and migration experiments. The role of V189 is less well known, despite recent studies in tumor models. 14, 15 In the adult, physiological angiogenesis is a prominent feature of the female reproductive tract; especially in the endometrium. 16 Most studies have shown cycle-dependent changes in VEGF expression in the human endometrium, [17] [18] [19] with a predominance of V121 and V165 mRNA. These changes are detectable in different endometrial cell types. Estradiol increases the expression of VEGF (possibly all isoforms) in epithelial and stromal cells. 17, [19] [20] [21] Recently, we reported that progesterone selectively increases V189 expression in perivascular decidual endometrial cells during the mid-late secretory phase of the menstrual cycle, and during early gestation. 22 We also found that V189 increases capillary permeability, similarly to other VEGF isoforms. 22 However, the specific kinetic of V189 expression in the endometrium points to other functions investigated in the present study.
Many PMN and monocytes are present in the human endometrium during the premenstrual and menstrual periods, especially in areas of tissue breakdown. 23, 24 PMN are found in only small numbers in intact tissue. 23 However, PMN in intimate contact with endometrial endothelium have been shown to be a source of intravascular VEGF for vessels undergoing angiogenesis. 25 PMN and NK cells (CD 56 þ ) 26 also infiltrate the endometrial stroma during the luteal phase and during pregnancy, under the influence of progesterone. The mechanisms governing selective PMN influx to the human endometrium, and NK cell infiltration, are unknown. VEGF165 induces monocyte chemotaxis by binding to Flt-1.
27,28 V165 may also influence adult T-leukemia cell chemotaxis. 29 Recently, VEGF was reported to modulate transendothelial PMN migration by eliciting the production of chemokines (IL-8 and MCP-1) by brain microvascular endothelial cells. 30 Here, we show for the first time that VEGF, and especially the native V189 isoform, induces PMN chemotaxis, probably by binding to the Flt-1 receptor. Our results further suggest a role for VEGF-induced PMN migration in angiogenesis and/or inflammation, via an autocrine regulatory loop.
Materials and methods

Purification of Blood PMN
Human PMN were purified as previously described. 31 Briefly, blood from healthy volunteers was collected in sterile lithium heparinate-treated tubes. Leukocytes were rapidly isolated in endotoxin-free conditions by sedimentation on a separating medium containing 9% Dextran T500 (Pharmacia LKB, Uppsala, Sweden) and 38% Radioselectan (Schering, Lannoy, France). The leukocyte-rich suspension was further centrifuged on a Ficoll-Plaque density gradient (Pharmacia). The cell pellet was washed with phosphate-buffered saline (PBS), and erythrocytes were removed by hypotonic lysis. For RNA extraction and degranulation experiments, PMN were further purified by 20-min incubation with pan anti-human HLA class II-coated magnetic beads (Dynal, Oslo, Norway) to deplete B lymphocytes, activated T lymphocytes and monocytes, as previously described. 32 PMN from the pellet were counted on a Hemalog H1 device (Technicon Instuments Corp, Tarrytown, NY, USA) and adjusted to 10 5 PMN/ml in PBS.
Migration and Chemokinesis on Agarose Plates
Cell migration was analyzed using Nelson et al's 33 method, modified as described in Vicioso et al.
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Agarose (Indubiose A37, BioSepra, VilleneuveLa-Garenne, France) was dissolved in Kreb's buffer pH 6.8 at a concentration of 0.7%, cooled at 561C and then mixed with fetal calf serum (FCS, 10% final) alone or with the VEGF isoforms (1-100 ng/ ml). A pool of human sera (HSA, 10%) containing C5a fraction was used as a positive control. The agarose was distributed in the plates, allowed to solidify, and stored at 41C. Four series of three starshaped wells, 2.4 mm in diameter, were cut in each plate using a template. The central well of each three-well series received 5 ml of suspension containing 10 5 PMN. The dishes were incubated 4-12 h at 371C in a humidified 5% CO 2 incubator. The 12-h incubation time showed the longest distance migration and was thus chosen in the experimental procedure.
Migration was quantified immediately by measuring linear distances (mm) with an inverted microscope equipped with an ocular micrometer. These assays were carried out at least four times in triplicate. Migration kinetics were measured in dishes plated with FCS-agarose containing VEGF, human serum or neither. Results were calculated from each triplicate assay and were expressed as the change in the 'chemotaxis differential' of cells within VEGF-containing agarose vs control agarose (FCS alone, considered as 100% migration).
Transmigration Assay
Transmigration assays were performed using Costar Transwells (polycarbonate filters, 5 mm pore size), as previously described for PMN. 35, 36 Membranes were coated with fibronectin (10 mg/ml; Life Technologies), vitronectin (3 mg/ml; Life Technologies) overnight at 41C, or type IV collagen (6 mg/ml; Collaborative Biomedical Products) for 30 min at 371C, and were then blocked with 1 mg/ml bovine serum albumin (BSA) for 1 h at 371C. Purified PMN (10 5 cells in DMEM, 0.5% BSA, pH 7.5 buffer) were added to the upper chamber, and VEGF (native and cleaved V189 and V165; 25-50 ng/ml) or IL-8 (a strong physiological chemotactic factor for PMN, 10 ng/ml) were added to the bottom chamber. Controls lacked IL-8 and VEGF. After incubation at 371C for 2-4 h, 37 cells were collected from the lower chamber and counted. In some experiments, VEGF (25 ng/ml) was preincubated with anti-VEGF neutralizing antibody (clone MAB293, R&D Systems, Minneapolis, MN, USA; 1 mg/ml) or anti-KDR neutralizing antibody (clone 2c3, see Brekken et al 38 ) for 30 min. In addition, cells were treated with 10 mg/ml of an anti-b1-integrin blocking antibody (clone 6S6; Chemicon International).
Adhesion Assay
In all, 96-well plates were pre-coated as described above. PMN suspensions (10 5 cells in DMEM) were added in the presence or absence of VEGF (25-50 ng/ml) or IL-8 (10 ng/ml) for 30 min. 37 Nonadherent cells were removed by two gentle washes with DMEM. Adherent cells were stained with 2% crystal violet for 5 min and quantified as previously described. 36 
Expression of Adhesion Molecules on Whole-Blood PMN
Heparinized whole blood (1 ml) was incubated at 371C for 30 min with VEGF (cleaved or native V189 and V165, 0.1-250 ng/ml). Control samples were maintained at 41C or incubated at 371C without VEGF. PMN expression of b2-integrin, L-selectin, b1-integrin and PECAM was then measured as previously described, 39 after 30-min incubation at 41C with respectively phycoerythrin-conjugated anti-CD11b (Dako, Glostrup, Denmark), fluoresceinisothiocyanate (FITC) conjugated anti-CD62-L (Immunotech, Marseille, France), FITC-conjugated anti-CD29 (Beckman Coulter, FL, USA), or FITC-conjugated anti-CD31 (Dako). Nonspecific binding was determined with irrelevant antibodies of the same isotypes. Erythrocytes were then removed by hypotonic lysis in FACS lysing solution (Becton Dickinson, Immunocytometry Systems, San Jose, CA, USA) and the cell pellet was resuspended in formol (0.1%). Flow cytometry was performed using a FACScan apparatus (Becton Dickinson). Fluorescent emission was recorded with a constant photomultiplier gain, and the results were expressed as the median fluorescence intensity (MFI) in a fourdecade logarithmic scale.
Degranulation Experiments
Highly purified PMN depleted of HLA class IIpositive cells were resuspended in Hank's balanced salt solution (HBSS with Ca 2 þ /Mg 2 þ ; Life Technologies, Cergy-Pontoise, France) and adjusted to 10 7 cells/ml. To ensure total degranulation, PMN were preincubated at 371C with 5 mg/ml cytochalasin B (Sigma) for 5 min, then with 10 À6 M N-formylmethionyl-leucyl-phenylalanine (fMLP, Sigma) for 10 min, as previously described. 32 Unstimulated control PMN were kept at 371C for 20 min in medium alone. After centrifugation, the cell-free supernatants were stored at À801C until Western blot analysis.
Subcellular Fractionation
Azurophilic and specific granules were purified as previously described. 32, 40 Briefly, 10 8 highly purified PMN in 5 ml of ice-cold relaxation buffer (100 mM KCl, 3 mM NaCl, 1 mM Na 2 ATP, 3.5 mM MgCl 2 , 10 mM PIPES, pH 7.2) supplemented with EGTA and antiproteases were pressurized with N 2 for 20 min at 450 psi with constant stirring. The cavitate was then collected dropwise into 1.25 mM EGTA, pH 7.4. Nuclei and unbroken cells were pelleted by centrifugation of the cavitate for 15 min at 400 g. The supernatant was decanted, loaded on top of a twolayer Percoll gradient (1.05/1.12 g/ml) precooled to 41C, and centrifuged at 40 000 g for 30 min at 41C. Three fractions were collected: an upper fraction containing secretory vesicles and plasma membranes; an intermediate fraction containing specific and gelatinase granules; and a lower fraction containing azurophilic granules. The purity of specific and azurophilic granules was assessed by ELISA measurement of their respective markers (lactoferrin and myeloperoxidase).
RNA Extraction and Reverse Transcription
Total RNA was isolated from human neutrophils using TriZol as recommended by the manufacturer. For the reverse transcription step, single-stranded cDNA was synthesized from 1 mg of total RNA in the presence of Moloney murine leukemia virus reverse transcriptase and the oligo (dT) primers. 19 For PCR, oligo primers were chosen from homologous parts of the coding region of the human VEGF receptor genes (Flt-1 and KDR), the VEGF gene, and the housekeeping gene GAPDH. The Flt-1 sense primer was 5 0 -GTCACAGAAGAGGATGAAGGTGTCTA-3 0 and the antisense primer was 5 0 -CACAGTCCGGCACG TAGGTGATT-3 0 . The KDR sense primer was 5 0 -CAACCTTCTAGGTGCCTGTAC-3 0 and the antisense primer was 5 0 -GGATATTTCGTGCCGCCTGG-3 0 . The VEGF sense primer was 5 0 -ACCAARGCCAGC ACATAGGAGAGAT-3 0 and the antisense primer was 5 0 -CACCGCCTTYGGCCTTGTCACAT-3 0 Double-stranded cDNAs were synthesized and amplified using 1.25 U Taq polymerase, 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% Triton (X-100, 0.2 mM dNTP, and 10 pmol of each primer in a final volume of 50 ml. Amplification was carried out in a DNA thermal cycler for 30 cycles at 95, 60 and 721C (for 30 s, 1 and 1 min, respectively) for the Flt-1 and KDR genes, or at 94, 56 and 721C for the VEGF gene. RT-PCR of the housekeeping gene GAPDH was run for 22 cycles with the sense primer 5 0 -ATCAC CATCTTCCAGGAGCG-3 0 and the anti-sense primer 5 0 -CCTGCTTCACCACCTTCTTG-3 0 . PCR fragments, along with molecular weight standards, were analyzed by 8% polyacrylamide gel electrophoresis and visualized by ethidium bromide staining.
VEGF Immunoblotting
Proteins were electrophoresed in 12% SDS/PAGE gel in reducing conditions, as previously described, 22 and transferred to polyvinylene difluoride membranes (Polyscreen NEN, Life Science Products). An anti-VEGF antibody (A-20, Santa Cruz Biotechnology; 2 mg/ml), followed by peroxidaseconjugated anti-rabbit IgG (Amersham Life Technologies, 1/2000 dilution), was used to detect VEGF with the enhanced chemiluminescence system (Amersham). In other experiments, the anti-VEGF antibodies were preincubated with recombinant VEGF before probing the membranes. 19 
Immunocytochemistry
Immunocytochemistry was performed on acetonefixed frozen sections of human endometrial biopsy specimens obtained from cycling women undergoing routine gynecologic investigations, as previously described. 19, 41 Sections were successively incubated with monoclonal mouse anti-CD15 (Becton Dickinson 1/20), FITC-labeled anti-mouse IgG, rabbit anti-VEGF (Santa Cruz Biotechnology, 1/100), biotinylated anti-rabbit IgG and Texas-red-streptavidin (Amersham).
Statistical Analysis
All results are expressed as means7s.e. of the mean (s.e.m.), or as ranges when appropriate. The significance of differences between groups was determined by using Student's t-test. P-values of o0.05 were considered significant.
Results
VEGF-165 and VEGF-189 Treatment Induces Chemokinesis and Chemotaxis of Human PMN
Numerous agents, including human complement fraction C5a and IL-8, have been shown to modulate neutrophil migration. The effect of VEGF on human PMN migration was thus compared with that of fraction C5a and IL-8, using two different approaches to test chemokinesis and chemotaxis.
We first used our agarose overlay technique, in which the tested factor (VEGF or C5a fraction contained in human serum) was included in the agarose (see Materials and methods). As shown in Figure 1 , the positive control (C5a fraction) increased PMN chemokinesis. Native V189 (1-50 ng/ ml) also induced a significant increase in PMN chemokinesis; the effect was concentration-dependent manner, being most potent at 25 ng/ml (3578%) (Figure 1 ). The effect of V165 was significant at 50 ng/ml (3476% increase). In contrast, clV189 did not induce PMN chemokinesis at any concentrations.
The effect of VEGF on PMN migration was also tested in a transmigration assay using different adhesion molecules (fibronectin, vitronectin and type IV collagen) to coat the filters. As expected, IL-8 induced a two-fold increase in PMN transmigration ( Figure 2) ; this effect was stronger with fibronectin coating (11477% increase; Figure 2 ) than with vitronectin or type IV collagen coating (not shown). Native V189 at 25 and 50 ng/ml also increased PMN chemotaxis relative to untreated controls; this effect was stronger with fibronectin (5774% increase, Figure 2 ) than with vitronectin (not shown). No significant increase in chemotaxis was observed with V165 or clV189 under similar conditions (Figure 2 ). However, there was a trend towards an increase when these isoforms were used at 50 ng/ml, both on fibronectin ( Figure 2 ) and on type IV collagen (not shown).
VEGF-induced PMN migration was reduced in the presence of an excess of the anti-VEGF neutralizing antibody (clone MAB293), as compared to that observed in the absence of antibody (Figure 3) . In contrast, IL-8-induced PMN migration was unaffected after addition of anti-VEGF antibodies. In addition, as the effect on transmigration observed with VEGF could result from PMN adhesion and/or migration on/through fibronectin, we analyzed the effect of VEGF on PMN adhesion to plastic plates. None of the VEGF isoforms increased PMN adhesion to fibronectin (data not shown).
These results showed that VEGF isoforms induced neutrophil chemokinesis, and that native V189 was also chemotactic for these cells.
VEGF-Induced PMN Migration Involves the VEGF Receptor Flt-1
Previous studies have identified Flt-1 as the functional VEGF receptor on monocytes/macrophages. 27, 28 We thus examined whether functional Flt-1 and Flk-1/KDR were present on the PMN outer membrane. While PMN migration was inhibited by neutralizing anti-VEGF, it was unaffected by the presence of a 100-fold excess of 2c3, an antibody that blocks VEGF from binding to KDR but not to Flt-1 ( Figure  3 ). In addition, using RT-PCR analysis (Figure 4 ) we found that highly purified PMN significantly expressed Flt-1 although in lower amounts than endothelial cells; in contrast, little or no Flk-1/KDR expression was detected (Figure 4) , a finding that was confirmed by quantitative RT-PCR (Light Cycler, not shown). Immunocytochemistry with an anti-Flt-1 antibody also demonstrated the presence of this receptor on PMN (not shown). Altogether, these data strongly suggest that the effect of VEGF on PMN migration is mediated by the Flt-1 pathway.
VEGF-189 Modulates PMN Expression of Adhesion Molecules
PMN expression of several adhesion molecules was studied by flow cytometry, both in basal conditions and after incubation with different VEGF isoforms (V165, native and cleaved V189).
As shown in Table 1 a low, but significant, increase (Po0.05) in the expression of CD11b (a subunit of b2-integrin) by whole-blood PMN was observed with V165 and native V189 at 50-125 ng/ml. CD62L (L-selectin) expression was reduced by V189 (especially by native V189 at 1-10 ng/ml, Po0.01). CD29 (b1-integrin) expression was significantly increased by all VEGF isoforms used at 125 ng/ml, most markedly by native V189. PECAM-1 (CD31) expression showed little variation, although it tended to increase under VEGF stimulation. These results showed that VEGF induced a moderate increase in the expression of some adhesion molecules (CD11b and CD29) involved in PMN migration. CD29 was the only adhesion molecule whose expression was significantly increased by all VEGF isoforms, the strongest effect being observed with V189.
VEGF-Triggered Migration on Fibronectin is b1-Integrin Dependent
As CD29/b1-integrins could be involved in VEGFinduced PMN migration, we then examined the effects of the b1-integrin-neutralizing monoclonal antibody 6S6. As shown in Figure 5 , V189-induced PMN chemotaxis on fibronectin was inhibited by antibody 6S6 (7378% decrease at 50 ng/ml V189; Po0.05 vs control). Similar inhibition was observed when IL-8 was used as the chemotactic agent (4779% decrease; Po0.01; Figure 5 ). In contrast, antibody 6S6 had no inhibitory effect on V189-induced chemotaxis when vitronectin was used as the coating substance (not shown). These results further indicated that VEGF enhanced PMN migration on fibronectin through a mechanism involving b1-integrin upregulation and integrity.
Human PMN Express all VEGF Isoforms; VEGF189 is the Main Degranulated Isoform
Several studies have shown VEGF secretion and VEGF mRNA expression by PMN. Here, we examined the expression and release of individual VEGF isoforms. RT-PCR analysis mainly identified the V121 and V165 mRNAs (Figure 6 ), while V189 mRNA was only weakly amplified.
The VEGF release was then analyzed after total PMN degranulation induced by cytochalasin and fMLP. As shown in Figure 7a , in Western blot experiments, the main VEGF isoform released by PMN comigrated with recombinant V189 protein (28) (29) (30) . This suggested that PMN have an intracellular pool of VEGF, mainly constituted by the V189 isoform. To further localize the intracellular pool of VEGF in human PMN, fractions of azurophilic and specific granules were prepared. As shown in Figure 7b , VEGF was located in both granules, as the 189-, 165-and 121-amino-acid isoforms. VEGF189 was also located in azurophilic granules and, in smaller amounts, in the membrane fraction; no VEGF was detected in the cytosolic fraction.
Human PMN Present in the Human Endometrium During Menstruation Express VEGF
Several previous studies have reported PMN influx in the human endometrium at the end of the menstrual cycle, 23, 24 together with VEGF increase in the secretory phase, [17] [18] [19] 22 suggesting an interplay between VEGF and PMN. 25 As shown in Figure 8 , strong VEGF staining was found on PMN within and migrating from vessels, and in connective tissues. These cells were CD15-positive. The specificity of VEGF staining was demonstrated by the loss of staining after preabsorption of the primary antibody with rhVEGF (not shown). Figure 5 A monoclonal antibody specific for b1-integrin inhibits V189-induced PMN transmigration across fibronectin. PMN migration (10 5 /ml) was evaluated on fibronectin-coated Transwell filters as described in Figure 2 , in the presence of 50 ng/ml native V189 or 10 ng/ml IL-8 in the lower chamber, and in the presence or absence of 10 mg/ml anti-b1-integrin antibody. 36 Control, incubation of PMN in the absence of VEGF and IL-8. Isotypematched IgG served as the control mAb, and had no effect (not shown). Data represent means (s.e.m.) of triplicate determinations and are representative of three separate experiments. *Po0.01, as compared with cells incubated without anti-CD29 antibody.
Discussion
As a tissue that undergoes rapid cyclic changes, the human endometrium is a good model for the study of physiological angiogenesis, which is under the control of ovarian hormones, estradiol and progesterone. We have previously shown that estradiol increases the expression of all VEGF isoforms, while progesterone increases specifically endometrial expression of V189 during the secretory phase. 22 The secretion of native V189 by decidual cells of the secretory and pregnant endometrium was associated with an increase in vascular permeability. In the present study, we show for the first time that the V189 isoform can trigger PMN migration (chemotaxis and transmigration). Moreover, we obtained evidence that PMN can release their stock of V189 and thereby amplify this response.
V165 is chemotactic for monocytes, endothelial cells and some T cells. 27, 29, 42 Our data show that VEGF also increases both random PMN migration under agarose (chemokinesis) and directed PMN migration (chemotaxis). This effect depended on the isoform. Native V189 was most active in both assays, while V165 was only active in the agarose assay. Our results extend recent data showing that V165, together with IL-8 or complement fraction C5a, induces PMN chemotaxis in vitro.
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VEGF specifically binds to two receptor-tyrosine kinases, Flt-1/ VEGF-R1 and KDR/ VEGF-R2 tyrosine kinase. The signaling pathway involved in V165-induced cell migration depends on the cell type. In early studies, Flt-1 was implicated in VEGFinduced migration of endothelial cells, 9, 44 although KDR is now considered to be the main receptor involved in endothelial cell migration. 45, 46 V165 induces migration of human monocytes through Flt-1. 27, 28 Adult leukemia T cells also upregulate their own chemotaxis to facilitate their invasion of various organs, and a mechanism involving Flt-1 has been implicated in this process. 29 More recently, activation of Flt-1 was reported to be necessary for in vivo recruitment of hematopoietic stem cell progenitors. 47 Our experiments using various approaches show that human PMN significantly express Flt-1, and that Flt-1 is involved in VEGFinduced chemotaxis of PMN, similarly to VEGFinduced migration of monocytes.
Our results further show that V189-induced PMN migration on fibronectin is dependent on b1-integrin. First, VEGF-induced transmigration was more efficient on fibronectin (a ligand of b1-integrin) than on vitronectin and was strongly decreased by a blocking anti-b1-antibody. Second, VEGF, and particularly V189, increases the expression of b1-integrin at the PMN surface, using flow cytometric analysis; these experiments were performed in whole-blood conditions known to prevent cell activation, as we previously reported. 31 These observations are in keeping with previous reports that PMN migration is associated with upregulation of b1-integrins both in vitro 48, 49 and in vivo. 49, 50 Expression of the heterodimers a 2 b 1 -, a 4 b 1 -, a 5 b 1 -and a 6 b 1 -integrins on these cells has previously been reported 48, 50, 51 and implicated in PMN locomotion on collagen (a 2 b 1 or VLA-2) 49 and in extravasation on laminin 10 (a6b1). 35 Adhesion of leukocytes to the extracellular matrix is essential for their extravasation from blood vessels and subsequent migration to the stroma of inflamed tissues. Our data demonstrate that VEGF does not increase PMN adhesion to fibronectin, vitronectin or type IV collagen, suggesting that VEGF-induced migration on fibronectin might not be due to increased PMN adhesion to the extracellular matrix. The moderate upregulation on V189-treated PMN of CD11b and PECAM that mediates firm PMN adhesion to vascular endothelium and transmigration, respectively, and their weak CD62-L shedding that mediates rolling, further suggest that these three adhesion molecules are not essential for VEGF-induced PMN migration. These data are in agreement with another study using fMLP as chemoattractant. 35 However, a contribution of b2-integrins to b1-integrin expression cannot be ruled out. 52 Numerous studies have shown that human PMN mainly express and release the V165 isoform. [6] [7] [8] 53 Here, we re-examined the nature of the VEGF isoform(s) expressed by PMN, by using two different approaches: RT-PCR and Western blot of PMN degranulation supernatants. We found that PMN expressed V121 and V165 as the major mRNA, while V189 was more weakly expressed, in agreement with previous results. 8 Interestingly, analysis of degranulation supernatants showed a band comigrating with human recombinant V189 protein, suggesting that this isoform shows the strongest protein expression in PMN. V189 is mainly stored in specific granules, as previously reported for V165 and V121; 6,7 the presence of V189 in azurophilic granules (and, to a lesser extent, in the membrane fraction) but not in the cytoplasm extends previous data. 7 Thus, human PMN can synthesize and secrete all VEGF isoforms, in addition to other angiogenic peptides such as IL-8, 54 ,55 TNFa 56 and HGF, 32 suggesting a new role for PMN in angiogenesis.
As VEGF is one of the most potent known vascular permeability agents, and as microvascular hyperpermeability precedes and/or accompanies angiogenesis 1,2 in settings associated with massive PMN infiltration, it is tempting to speculate that VEGF released by PMN could play a role in the control of vascular permeability during inflammatory processes, such as a rabbit model of edema, 57 peritoneal diseases, rheumatoid arthritis and psoriasis. [58] [59] [60] Furthermore, the chemoattractant properties of PMN-secreted VEGF for monocytes 27 may reinforce the monocyte recruitment to sites of acute inflammation, following the initial influx of PMN.
Menstruation represents an inflammatory process within the human endometrium, with an influx of neutrophils in the menstrual phase or following progesterone withdrawal, in areas of tissue breakdown. 23, 61, 62 We have also previously observed V189 secretion by perivascular decidual endometrial cells during the mid-late secretory phase of the menstrual cycle. 22 Taken together, our findings support the view that V189 secreted by predecidual endometrial cells could attract neutrophils to specific areas of the human endometrium during the late secretory period corresponding to progesterone withdrawal.
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VEGF165 also induces IL-8 production by microvascular endothelial cells, eliciting PMN transendothelial migration. 30 Moreover, VEGF produced by local PMN (this study, Gargett et al 25 and Muller et al 63 ) could enhance PMN influx in an autocrine fashion, participate in monocyte recruitment, and increase vascular permeability during the inflammatory process associated with menstruation. 59 Neutrophil-derived elastase and other proteinases, secreted together with VEGF, could facilitate degradation of vascular basement membranes and of the subendothelial matrix, also contributing to the menstruation. [62] [63] [64] As anti-inflammatory drugs block numerous PMN secretions, 31, 34 including proteases and cytokines secretion, the therapeutic effect of nonsteroidal anti-inflammatory drugs in abnormal uterine bleeding 65 could be explained by the roles of PMN in human endometrium remodeling.
In conclusion, our results demonstrate for the first time that the expression of the V189 isoform, which is selectively increased in perivascular decidual endometrial cells during the mid-late secretory phase of the menstrual cycle, participates in the observed PMN influx. Indeed, V189 was both chemotactic and chemokinetic for PMN in vitro, through a mechanism mainly involving b1-integrinfibronectin interactions. We also obtained evidence that V189 could be locally released by PMN, pointing to a new autocrine regulatory loop and suggesting another link between inflammation and angiogenesis, via VEGF and PMN.
